Purpose: The purpose of this study was to examine the changes in electroencephalogram (EEG) coherence and brain wave activity for first-person perspective action observation (1AO) and third-person perspective action observation (3AO) of healthy subjects. Methods: Thirty healthy subjects participated in this study. EEG was simultaneously recorded during the Relax period, the 1AO, and the 3AO, with event-related desynchronization (ERD) and coherence connectivity process calculations for brain wave (alpha, beta and mu) rhythms in relation to the baseline. Results: Participants showed increased coherence in beta wave activity in the frontal and central areas (p< 0.05), during the 1AO using right-hand activity. Conversely, the coherence of the alpha wave decreased statistically significantly decreased in the frontocentral and parieto-occipital networks during the observation of the 1AO and the 3AO. The ERD values were larger than 40% for both central regions but were slightly higher for the C4 central region. The high relative power of the alpha wave during 1AO and 3AO was statistically significantly decreased in the frontal, central, parietal, and occipital regions. However, the relative power of the beta wave during 1AO and 3AO was statistically significantly increased in the parietal and occipital regions. Especially during 1AO, the relative power of the beta wave in the C3 area was statistically significantly increased (p< 0.05). Conclusion: These findings suggest that 1AO and 3AO action observations are relevant to modifications of specific brain wave coherence and ERD values. EEG cortical activity during action observation may contribute to neural reorganization and to adaptive neuroplasticity in clinical intervention.
INTRODUCTION
Therapeutic approaches to stroke patients emphasize recovery of their motor function. Active physical training for functional improvement of patients during an early phase of stroke is crucial. Intensive motor skill and cognitive interventions during an early phase of stroke are very important to normalize functional activity in the future. Most motor skills are obtained through physical practice, but observation of exercise activities may activate the mirror neuron system, enabling learning of physical exercises and inducing neuroplasticity alterations. 1 It was identified that in a human adult brain, the area activated in action execution and the area activated during action observation were the same in the neural network system called the mirror neuron system. 2 Despite the clinical importance of repetitive physical interventions, action observation must be used for activation of the brain motor system when practical physical training cannot be performed due to severe physical disability, pain, or excessive abnormal muscle tone. In particular, action observation may be introduced and used as a new therapeutic intervention to overcome learned nonuse resulting from compulsory movement (forced use of the unaffected side), a maladaptive plasticity factor.
Motor recovery should accompany motor learning in the dam-J KPT tion network. 3 Accordingly, the purposes of this study are 1) to examine alterations in alpha and beta wave bands according to action
observation perspectives, 2) analyze brain coherence and connectivity according to action observation perspectives, and 3) provide a neuroscientific basis for action observation aimed at application to stroke treatment and interventions by analyzing high alpha eventrelated desynchronization (ERD).
METHODS

Subjects
Thirty healthy subjects participated in the study (26 women and 4 men; average age 20.73±1.11). All participants were right-handed, had normal vision and had no history of neurological disorders, and achieved a score (1.96 ± 0.38) of equal to or less than 2.8 on the
Vividness of Movement Imagery Questionnaire (VMIQ), indicating that their imagery ability was at least moderately clear and vivid.
All participants were informed about the study protocol before they signed the consent forms.
Experimental procedure
Before the experiment started, the participants removed metal accessories, sat on a chair, and were secured to the chair with cervical collar and a let to prevent measurement error. To ensure that the participants attended to the video stimuli, they were instructed to pay attention to the hand movements they would see. 
EEG recordings
The locations of the electrode channels were F3, F4, C3, C4, P3, P4, O1, and O2, which were placed using the 10-20 system. The ref-
erence and ground electrodes were placed on the participants' ear lobes. The experiment took place in a quiet, well-lit room. The EEG data were analyzed by using Telescan (LAXTHA Inc., Korea). The relative band power and coherence were computed following the manufacturer's instructions.
Event-related desynchronization analysis
ERD is defined as the percentage of decrease (positive ERD) or increase (negative ERD) in band power during a test interval compared with a reference interval. First, the EEG signal from the C3 was band-pass filtered within the mu wave frequency (8-13 Hz), and then the filtered data were squared and averaged within the test interval (1 s). Second, the band power was averaged over the number of epochs (50 times). Third, the alterations in band power were calculated using the following formula: ERD = [(band power reference -band power test) / (band power reference)]× 100. 4 
Statistical analysis
The statistical software R was used to analyze the EEG data. The frequency of the brain wave was selected based on the type: mu wave (8-13 Hz), high alpha wave (9.8-12.7 Hz), and beta wave (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) Hz). One-way repeated-measures analysis of variance (ANOVA) was used to evaluate the absolute log ratio and ERD of the mu rhythm and the relative wave power and coherence of the high alpha and beta waves during the Relax period, the 1AO, and the 3AO.
When the differences were statistically significant, the Tukey test was applied.
RESULTS
Suppression of the mu rhythm
During the 1AO, the absolute mu rhythm log ratio at C3 was -0.2295 ± 0.173 (p < 0.0001) and at C4 was -0.2514 ± 0.2009 (p < 0.0001). During 3AO, the absolute mu rhythm log ratio at C3 
Coherence of the high alpha and beta waves
The EEG coherence of the high alpha networks were decreased during the 1AO and the 3AO compared with the Relax period. The frontocentral and parieto-occipital networks were decreased during both types of observational perspective ( Figure 3A 
ERD of the mu wave
The ERD value for the mu wave indicated that the power of the mu wave was suppressed by action observation. The ERD values were larger than 40% in both central regions. The ERD value in the C4 region was slightly higher than that in the C3 region but had no statistical significance ( Figure 5 ).
DISCUSSION
Activation of the premotor cortex may be induced by action observation, and the mirror system may be activated by observation of other physical actions, as well as by observation of hand actions. 5 In the clinical field of physical therapy, improvement in the functional activity of the upper extremity is essential for improvement of activities of daily living. The fact that neuronal recruitment of the mirror neuron system may be activated by other action observations in addition to hand observation means that the application spectrum of therapeutic interventions may be expanded. In particular, therapeutic interventions to induce brain activity, such as action observation before and after treatment in stroke patients with cognitive-execu- ERD among EEG waves is an indicator that represents brain cor- 12 As a very exciting study result in clinical therapeutic terms, more powerful ERD of the alpha wave appeared during observation of transitive activity, more object-directed activity than simple activity. 13 In a study by Gonzalez-Rosa et al., 14 the ERD of the alpha wave of the action observation group had the highest reactivity in the frontocentral and bilateral parietal areas, and ERD of the beta wave appeared in the parietal lobe areas during actual physical motor performance. In particular, compared to the control group, the action observation group exhibited better adaptability when they performed or learned novel motor tasks.
They reported that action observation was a very effective intervention during the early motor learning phase. These results suggest the possibility of motor learning related to action observation, and the outcome of specific ERD/ERS activation of the frontocentral areas and parietal areas, forming a functional network, is evidence of the action observation learning process.
During action observation, ERD of the alpha and mu rhythms mainly appear in the inferior parietal cortex, frontal cortex, supplementary motor area, and dorsal premotor cortex. 15 Beta wave activity increases during task execution, and as the precision of the motor tasks performed increases, the synchrony of the beta waves increases. 16 In the present study as well, statistically significant alterations in the alpha and beta wave bands were observed for each observation perspective. These alterations provide a strong therapeutic ground for action observation intervention in clinical therapeutic terms compared with previous results that such alterations affect the precision of motor tasks and motor learning.
Action observation and motor memory formation was studied in chronic stroke patients using transcranial magnetic stimulation (TMS). The corticomotor activity changed in the hand representation areas of the primary motor areas in the action observation group. 17 Neurophysiologically, activity in the primary motor cortex increases during the explicit motor learning phase and in particular, directly engages in the velocity-dependency learning process. Therapeutic interventions for stroke patients to overcome functional disability are the most important factor in physical therapy in clinical terms. Action observation is a very effective tool aimed at improving the performance of specific physical motor skills to enhance stroke patients' physical disability. 18 Action observation is a very useful method as a therapeutic tool to promote formation of motor memory trace and motor learning. The basal ganglia that play an important role in motor planning and learning are very importantly connected with the mirror neuron system in anatomical terms. 21 During unimanual action observation, functional network areas, including the occipito-temporal, parietal, and premotor cortex, are activated. 22 During bimanual activity observation, bilateral brain activity was identified, and activity of the parietal cortex was prevalent. 23 This result suggests bimanual band action observation networks may positively affect balanced interhemispheric cortical activity.
According to a study by Garrison et al. 24 ipsilesional cortical motor activity increased during action observation using the right hand (paretic side) in a patient with left hemiplegia resulting from a stroke. Action observation was applied to the clinical treatment intervention of physical therapy for motor relearning, neural reorganization, and adaptive neuroplasticity.
When brain activation was examined using fMRI according to observational perspectives with right-handed participants as subjects, the parietal cortex of the contralateral hemisphere was activated when the tool-grasping action of the first-person perspective was observed. However, during the third-person perspective action observation, the ipsilateral parietal cortex was activated. 25 In the present study, when right-hand action observation was applied to righthanded participants, the alterations in the rhythm of the beta wave of the first-person perspective group were statistically significant in the C3, P3, and O1 regions and in the ipsilateral P4 and O2 regions.
In the case of the third-person perspective observation group, there was a statistically significant alteration in the contralateral P3 and O1 regions and the ipsilateral P4 and O2 regions. This result showed brain connectivity by action observation and may show a relation between interhemispheric activation and intrahemispheric interaction. Maeda et al. 26 identified that when right-handed action was observed, alterations in brain activation according to the observer's perspective were studied, and the group that observed actions with the first-person perspective had more strongly induced facilitation of the MEP. This result suggests that corticospinal excitability could be considered according to the observer's perspective of action observation.
Alpha wave rhythms generally decrease when actual action is performed 27 and decrease by indirect cognitive training, such as action observation. 28 EEG beta rhythms are reported to originate from the sensory and motor cortexes. 29 In particular, beta waves respond very sensitively to somatosensory variation in an observed action. 30 Interhemispheric imbalance is a key factor in functional impairment after a stroke. 31 In relation to the poor motor recovery of stroke patients, when interhemispheric inhibition increases from the contralesional motor cortex (the unaffected hemisphere) to the ipsilesional motor cortex (the affected hemisphere), the excitability of the ipsilesional motor cortex decreases with functional loss of the paretic extremity.
Interhemispheric inhibition has a wave characteristic of extensive ranges at 6 to 50 ms and is mediated through the corpus callosum.
Clinically, the loss of interhemispheric inhibition in ischemic stroke and the ipsilesional motor cortex (the affected hemisphere), promoting corticospinal excitability from the ipsilesional primary motor cortex. 34, 35 Coherence analysis is very important as an indicator of functional recovery among different cortical areas. 36 Desynchronization of the high alpha wave is closely related to semantic memory performance. 37 The ERD of the high alpha wave increases statistically significantly when semantic judgment tasks are performed. 38 Good memory performance may be expressed as a statistically significantly large ERD percentage (%). Babiloni et al. 39 reported for a study on EEG coherence that frontoparietal connectivity was considered to contribute to optimizing representational memory during short-term memory. This result suggests an association between the visual process and motor memory when it is compared with the coherence of the beta wave in the present study. Therefore, observational learning is thought to be closely related to frontoparietal connectivity. It was reported that during action observation, interhemi- 
